A simplified finite element analysis method has been developed in estimating the strain in damaged RC column. In the ordinary step-by-step finite element analysis, starting from the initial configuration of the structural element and from initial conditions such as load and boundary conditions, the strain can be obtained for each intermediate stage. Neglecting these intermediate stages an estimate method is proposed where the crack pattern and crack width of a damaged structure are used for input data. The digital data of crack pattern and crack width are extracted by processing the image of the damaged structure using vectorization. One step analysis is done to obtain the strain in shear reinforcement that will be used in the process of damage estimation.
Introduction
During reversed cyclic loading the degradation of stiffness takes place, which is the damage of the structural members. For the damage estimate of a structural member or a structure several methods such as an expert system and a direct simulation method have been developed. In the direct simulation method, the finite element analysis plays an important role in estimating the damage for each loading stage, starting from the initial configuration of the structure under the load and boundary conditions. In this study a simplified analysis method is proposed to estimate the strain in the shear reinforcement of a RC member subjected to reversed cyclic loading using the crack pattern and the crack width as input data for analysis.
The analysis method is used in particular for the case where shear cracks are observed in the damaged structure because in this case a reliable analysis result is considered to be needed to guess the remaining shear capacity of the structure for the appropriate subsequent treatment.
The strain in shear reinforcement is related to the shear crack width. Some empirical relationships have been proposed to estimate the shear crack width from the strain in shear reinforcement1),2).
Regarding the durability of RC structures, the crack width and its control are important factors to be considered3)4). On the other hand, if RC structures are subjected to earthquake loading and shear cracks occur, then it is also important to estimate the magnitude of loading and the remaining capacity of the structure from the observed crack data. Digital data of crack pattern and crack width can be extracted by processing the image of a damaged RC structure using vectorization. By image processing indices for density, direction and distribution of cracks can be obtained to characterize the geometrical properties of cracks5). The information given by these indices is used to choose the analysis method and to simplify the crack pattern by selecting the effective cracks in accordance to the analysis method.
In the method presented here, the data of crack width and crack pattern are used in finite element analysis. The crack pattern defines the orthotropic cracked concrete elements and the crack width gives the initial strain in these elements. Initial strain in the longitudinal reinforcement is also considered in the analysis to determine the strain in the shear reinforcement. Knowing the strain in the shear reinforcement an empirical formula will be used to determine the maximum shear force experienced by the reinforced concrete column6). Then the maximum shear force is used to estimate the damage of the structure.
In the direct simulation method the load is necessary as input data to determine the state of the finite elements during loading using constitutive models derived from experimental data. In the case when the load can not be determined and there is no information on the intensity of earthquake the proposed method can be applied to estimate the maximum load using the strain in shear reinforcement.
The degradation of the finite element is given by predetermined constitutive laws in the case of direct simulation method. In the one step inverse analysis method the degradation is given by degradation factors used to decrease the stiffness of the damaged finite elements. The method is applied using different values for the degradation factors until the degradation factors give accurate results in terms of strain in shear reinforcement. The details of the column and the positions of the strain gauges are shown in Fig.1 and the material constants are given in Table 1 . Table  2 . These displacements are used as the boundary conditions in the analysis described in the following.
Modeling in Analysis 3.1 2-D Modeling of RC Column
The RC column is modeled by using quadrilateral finite elements and line elements. The side length of the square element used in the analysis is 10mm. To obtain only the strain in axial direction the shear reinforcement is modeled by using line elements having the same size as the quadrilateral elements. In Table 3 material data as Young's modulus E, Poisson ratio v, thickness t, and area A are given for the quadrilateral elements and line elements used in the analysis.
The model of the column is made up of 2700 quadrilateral elements, 30 elements in width and 90 elements in height, and 396 line elements. Concrete elements and interface elements are considered isotropic in the initial stage.
Table3
Material data for analysis During reversed cyclic loading concrete elements corresponding to a crack become orthotropic. Interface elements will have reduced stiffness near the intersection between steel and crack by reducing the Young's modulus.
Concrete-steel elements become partially orthotropic by the cracking and steel elements remain isotropic. In Fig. 5 the type of finite elements used in the analysis are presented considering only a part of the column specimen. 
Crack Model
In order to express the stiffness reduction of concrete elements due to cracking, the smeared crack model8) is used and the cracked quadrilateral elements become orthotropic as it can be seen in Fig. 6 . a) Crack in the element b) Smeared crack model The crack orientation gives the angle for the matrix transformation from the local to the global coordinate system.
As shown in Fig. 7 a) depending on the crack length inside the element, cracked elements are determined. In Fig. 7 b) cracks with large inclination are shown, while in Fig. 7 c) , a crack with small inclination is shown. 
Simplification
of Cracks Using vectorization, crack data as crack pattern and crack width are extracted by processing the image of the RC column. Best digital data are obtained by image processing if the problem to be solved is well known so that only specific and effective cracks are to be extracted a nd used in the analysis. In the analysis shear cracks have been considered to be related to the strain in shear reinforcement and also large flexural crack. These cracks w ill be selected and the digital data is introduced in the finite element analysis. The simplification of cracks is necessary to create digital data of crack pattern and crack width. The digital data consists in the coordinates of each segment and corresponding crack width. 
Analysis Results

Crack Data Used in Analysis
The analysis has been made considering the column specimen having 0.42% shear reinforcement ratio and no axial load. Three stages have been considered in the analysis: at 120 kN when shear cracks occurred, at 160 kN which is the maximum load, and at 5/200 rad which corresponds with the displacement after the peak load.
In Fig. 9 crack patterns of these three stages are shown and in Figs. 10-12 Table  4 Degradation factors Digital data as crack coordinates and crack width of the simplified crack patterns have been extracted for the all three stages presented before. Considering the degradation factors presented before the analysis has been made for each case and the results are presented in Fig. 14.
The average strain in shear reinforcement from analysis has been compare with the average strain from the experiment. Three shear reinforcement bars with strain gauges at five positions have been considered for comparison. The numbering of the shear reinforcement bars starts from the bottom to the top of the RC column. A perfect bond between shear reinforcement and concrete has been assumed in the analysis.
In the case of the selected bilinear cracks the results of the analysis are in good agreement with the data from the experiment. One reason is that in the analysis the selected bilinear cracks were considered to determine the degradation factors due to the simplicity in obtaining the digital input data. Another reason is the methodology used to determine the orthotropic elements and their initial strain. The procedure to determine the orthotropic elements and their initial strain is simple and suitable for the case of selected bilinear crack. The crack line segments are considered one by one and the finite elements crossed by the crack line segments turn into orthotropic elements with initial strain if the condition of crack length inside element is satisfied. If two crack line segments cross the same finite element then only the characteristics of the last line segment are considered in the analysis. Thus, the finite element which contains the link point between two adjacent crack line segments may not turn into orthotropic element because the last crack 
Conclusions
In order to be used as the basic information on the damage of RC column subjected to reversed cyclic loading such as earthquake loading, the strain in shear reinforcement is tried to be obtained by a simplified finite element analysis method. The results of applying the present method to the RC column specimen are summarized as follows.
(1) By imposing the initial strains corresponding to the crack width, the strain in shear reinforcement can be obtained in agreement with the experimental data.
(2) The configuration of the crack can be simplified to a bilinear shape so that the crack angle is correctly set at the intersection with the reinforcement. (3) For the case of multi-linear cracks the summation of the crack line segments crossing a finite element and summation of initial strain given by each crack line segment must be considered to obtain the proper input data for the analysis. (4) Using a simplified one step finite analysis method and assuming a simplified bilinear crack pattern as input data the degradation factors governing the analysis are determined as being constant for finite concrete elements and function of crack width for finite steel elements.
